many of them provided excellent and promising approaches [1] [2] [3] [4] [5] . Those technologies includes infrared absorption spectroscopy [4] [5] [6] , near infrared scattering spectroscopy [4] [5] [6] [7] , Raman spectroscopy [4] [5] [6] , fluorescent spectroscopy [4] [5] [6] [7] , thermal gradient spectroscopies 4 , polarimetry technologies [4] [5] [6] [7] , polarization heterodyning approaches 4, 5 , photonic crystal determination techniques [4] [5] [6] , photoacoustic Technologies [4] [5] [6] [7] , photo thermal technologies 5, 6, 7 , optical coherence tomography (OCT) techniques [4] [5] [6] [7] and ultrasound-modulated optical techniques [4] [5] [6] [7] . All these methods had proved their potentiality for noninvasive blood glucose determinations 4, 5 . But clinically acceptable technology still does not exist 5 . Spectrum overlapping, glucose feeble signals, low signal to noise ratios, impact of background noises, etc all this factors stands in path of success for noninvasive blood glucometer 4, 5 . Simultaneously, more studies regarding skin tissue and light based optical property determination techniques needed to be done extensively to initiate the process towards successful development of noninvasive glucometer [4] [5] [6] . For determining glucose optical properties various phantom based experiments were conducted nowadays [8] [9] [10] . We had utilized intralipid as tissue property mimicking phantom here. In our experimentation the effect of modulated ultrasonic waves to determine dextrose concentration in the intralipid phantoms were studied. Section II describes the principle and methodology involved in the experiments. Section III illustrates result and discussion portions of the paper. Section IV constitutes conclusion part of the paper.
Section II: Principle and Methodology Intralipid (tissue phantom) sample preparation
Usually water and phospholipids micelles were the main constituents of the intravenous nutrient widely known as an Intralipid suspension. This suspension is inert, unvarying, identical and cloudy in nature 11 . Geometrically spherical phospholipids micelles size ranges between 25nm to 675nm [8] [9] [10] [11] . 97nm and 03nm were the average and standard deviations respectively as reported 11 . Light scattering property of the intralipid matches the skin tissues [8] [9] [10] [11] . The accurate proportions of light absorption and scattering properties needed to be maintained to obtain skin tissue related light transpor t phenomenon [8] [9] [10] [11] . The ultrasonic impedance value of diluted intralipid suspension resembles as that of pure water 11 . The lab experiments conducted here includes 10% intralipid samples. 0mg (blank), 500mg of dextrose anhydrous purified powder (Merck) samples were added to it. Modulated ultrasound and infrared units were utilized to detect the respective dextrose concentration in the dextrose added intralipid tissue phantoms. The values of the Dextrose used here were much higher as compared to physiological glucose concentrations (40mg/dl to 450mg/dl). As the intralipid optical properties were much low in physiological ranges [8] [9] [10] [11] . Standard intralipid constituents as per Reference No.
9, 10 is as follows:
The intralipid suspension had been prepared here for the experimental purpose using the same proportionate of constituents as given in 
Subject physiological status
The male subject age is around 26 years, height of 158cm and weight of 72kg. The experimental protocols were described to the subject. He understood the process and gave the consent. The local ethical committee had approved the study. The blood sample for blood plasma, blood serum and whole blood preparation had been collected from a normal male subject for experimental purposes.
Preparation of human blood samples
The blood samples of 10ml in quantity were drawn for two times (over night fasting and postprandial stage) from the veins of right arm of the subject for various types of blood sample preparations.
Blood plasma sample preparation
For human blood plasma preparation 4ml of blood sample had been collected in EDTA-treated vacuum based blood collecting vials. The samples had been applied to standard centrifugation process for 10 minutes. After centrifugation process, the supernatant fluid part of the sample had been collected as blood plasma. It had been stored for experimental purposes 12, 13 .
Blood serum sample preparation
For human blood serum preparation the 4 ml of blood sample had been left in room temperature for 15-30 minutes for clotting process. Usually centrifugation methods had been applied for clot breaking and serum collection. The Pasteur pipette had been used for serum fluid extraction from the vials and stored at 2 to 8 0 C for experimental purposes 12 .
Fig. 1: Standing wave generations

Fig. 2: Block Diagram of the complete experimental (MUS-IR unit) setup
Whole blood sample preparation For whole blood sample preparation, the 2 ml of blood had been collected in vacutainer blood collecting vials containing anti-clotting agent like K 2 EDTA. Phosphate buffer solution (PBS) had been utilized here for maintaining the pH level of the whole blood sample 12, 14 . After that it had been kept on storage for experimental works.
MUS-IR (Modulated Ultrasound Infra Red) Experimental setup
It comprises mainly two units like (a) Modulating ultrasound unit and (b) Infrared lightdetector unit.
Modulating Ultrasonic unit
This portion of the device includes ultrasound transmitter and receiver of 40 kHz respectively. Carrier wave unit and the Modulating signal unit were connected jointly to the modulating unit. Here amplitude modulated signal which is standing wave in nature were produced. Signals generated were introduced in the sample holder unit. The ultrasonic standing wave patterns were cross checked by the ultrasonic receiver unit. These standing wave pattern must be of desired quality as plays the key role in determining dextrose concentration in the intralipid based tissue phantoms. The Figure No .1 depicts the standing wave generation pattern utilized here. 
Infrared light-detector unit
The infrared LED of 940nm had been utilized here. This wavelength of light falls between the tissue optical window, which ranges between (700nm to 1100nm) 15 . Vibration produced by the ultrasonic transmitter causes the molecules to vibrate depending on their physical orientations. These specific signature vibrations were detected by the infrared light beam. It had been recorded via sensitive infrared detector after suitable amplification and noise removal processes. The signal processing unit decodes the information to provide the actual dextrose concentrations in the intralipid phantoms. The Figure No .2 provides the block diagram of the complete instrumental setup.
Principle
The ultrasonic waves, amplitude modulated in property when imposed over the intralipid medium, the radiation waves causes series of vibration in the medium [16] [17] [18] [19] [20] [21] [22] [23] [24] . The molecules in the medium undergoes vibrating pattern [16] [17] [18] [19] [20] [21] [22] [23] [24] . They occur especially in the standing waves nodes [16] [17] [18] [19] [20] [21] [22] [23] [24] . The molecular volume (V c ) were acted up on by the 'primary' radiation force (F r ), which is placed by a distance (z) from the pressure node [16] [17] [18] [19] [20] [21] [22] [23] [24] . The extent of radiation force acting over the molecules were obtained from molecular acoustic potential energy and had been expressed as follows: The propagation of ultrasonic waves, physical and chemical characteristics of the medium, determines the direction of force, which is controlled by the factor called as compressibility factor [16] [17] [18] [19] [20] [21] [22] [23] [24] . This is expressed as:
... (2) Where (β c ) refers to compressibility factor of the intralipid phantom used, (ρ c ) and (ρ w ) represents the density of molecules of both the phases respectively [16] [17] [18] [19] [20] [21] [22] [23] [24] .
Here Light absorption as (A) and wave number as (v) had been assumed as per LambertBeer Law. The equation as follows:
Here (I 0 ) denotes impact due to the impact of neighboring medium, (I) represents the intensity at the precise wave number (v). [16, [21] [22] [23] [24] .
RESULT AND DISCUSSION
Over growing population of diabetic subjects [1] [2] [3] [4] [5] and increased application of intralipid samples as tissue phantom for noninvasive blood glucose determinations 9-11 had influenced us for conducting such type of experiments utilizing amplitude modulated ultrasound and infra red unit. The experiments were performed in 4 stages and results including Table No. 2, 3 and Graph No.1 to 8 were described in this paper.
Stage I
In this part, the 2ml of intralipid sample had been taken in sample test tube from the intralipid stock suspension using micropipette. The intralipid sample filled test tubes had been inserted in the sample holder of the MUS-IR unit. Both the measurement in absence and presence of ultrasound had been conducted. Intralipid (tissue phantom) had been used here as a blank and for calibration purposes. Table No .2 reveal that the peak voltage amplitude spectrum of blank intralipid had been observed in FFT domain when ultrasound is present in MUS-IR unit. This indicates the significant working of ultrasound in MUS-IR unit.
Stage II
During this part, 1ml of human blood fasting plasma sample as prepared had been added to 1 ml of intralipid suspension. Similarly, 1 ml of human blood postprandial plasma sample is added to another 1ml of intralipid suspension. Table No .3 of fasting and postprandial blood plasma samples respectively, the voltage amplitude varies with change in blood glucose concentrations. The postprandial blood plasma sample peak voltages in FFT domain were on higher side as compared to the fasting blood plasma mixed intralipid sample respectively.
Stage III
This part belongs to the MUS-IR unit based experimentation including 1ml of fasting blood serum with 1ml intralipid suspension and 1 ml of postprandial human blood serum sample mixed 
Stage IV
In this portion the MUS-IR unit based experimentation were conducted utilizing 1ml of fasting whole blood sample with 1 ml of intralipid suspension and 1 ml of postprandial human blood whole blood sample mixed with 1ml intralipid suspension respectively. The resultants of observed signals were stored for analytical purposes. The 
